In a direct test of their hypothesis, Brown and Marsden6 found that patients with Parkinson's disease were impaired compared with normal subjects on a double task paradigm combining a cued version of the Stroop task7 with simultaneous random number generation. In the authors' opinion, these results were consistent with a depletion in attentional resource allocation. However, because of the predominant verbal nature of the two tasks employed, structural interference might have led to the impairment. Furthermore, random number generation seemed to be more difficult in patients with Parkinson's disease. It then becomes difficult to know if impaired performance on a double task follows from task difficulty or from a specific deficit in resource allocation supplied by the central executive.
Recently, Dalrymple-Alford et al8 used a tracking/digit span dual task paradigm. The performance of medicated patients with Parkinson's disease and controls was adjusted to prevent the consequences of a general information processing problem. The two tasks employed were different in nature (verbal for digit span, visuomotor for tracking), thus making separate demands on the two subsystems of the working memory model, without structural interference. The results were a decline in performance on the tracking task in patients with Parkinson's disease, evident only when digit sequences were recalled simultaneously. Although the authors assumed that their results were strongly in favour of a deficit in the functioning of the central executive, they did not eliminate an effect of worse learning of the tracking task by patients with Parkinson's disease. Indeed, the tracking task exerts a strong motor demand, and some studies found evidence for an impairment of patients with Parkinson's disease on visuomotor procedural learning tasks9 (other studies, however, suggested that a deficit was evident only in demented parkinsonian patients'0). Furthermore, as far as recall of digits was not affected by simultaneous concurrent performance of the tracking task, a deficit of the visuospatial subsystem could account, in part, for the results. There is some evidence for such a deficit, but definitive data are lacking."
To specify the nature of working memory deficits in Parkinson's disease, we devised a dual task paradigm minimising motor demands. Verbal and visuospatial aspectsnamely, the phonological loop and the visual spatial sketchpad-were evaluated separately. The span method was used: word span for the phonological loop, visual and spatial spans for the visual spatial sketchpad. Each box was filled for 1-5 seconds, and then emptied, before the next box was filled. After four seconds, the subject was asked to repeat the sequence by touching the boxes of an empty matrix with a pointer. The simple level of difficulty was a sequence of one box. The sequence was gradually increased up to a maximum of eight boxes. As previously, three trials were made and the same notation was employed. This task is a modification of the block tapping test. '9 The concurrent task consisted of articulatory suppression. To increase the attentional demand made on the central executive, two conditions of articulatory suppression were devised. The first condition was to repeat aloud the phoneme "da". The second condition, supposed to be more attention demanding, consisted of counting aloud upwards in threes from a number (between 1 and 9) given by the experimenter immediately after the items were presented. The same tasks as previously described were employed, except that articulatory suppression was performed during the delay between presentation and recall of the items. Each subject was given the whole experimental condition, and the order of the tasks was balanced as a function of the nature of the interference. For each condition of interference, the verbal span was measured first, then visual span, and finally spatial span.
DATA ANALYSIS
Analysis of mean spans in the tasks was carried out by analysis of variance (ANOVA). When significant effects or interactions were found, further post hoc comparisons were carried out to elucidate the nature of the effect.
Results
The showed that the two conditions of interference used were resource demanding, even when performed simultaneously with spatial or visual span tasks-that is, when no structural interference was expected. In Baddeley's model, this type of dual task cannot be achieved if the central executive does not function well. However, basal levels of impairment were not reached by all patients with Parkinson's disease when counting by threes in the span tasks, so that we cannot rule out the fact that our interference tasks are not demanding enough to detect a dysfunction of the central executive.
As a third possibility, the fact that at least some patients might have reached basal levels, potentially masks a greater impairment, and may not permit detection of an impairment of the central executive.
A fourth possibility is that patients with Parkinson's disease could have used strategies different from controls to perform the interference tasks. Patients with Parkinson's disease possibly found it more difficult to repeat "dada" or count upwards, so that they may have adopted a strategy that would minimise the influence of these tasks on memory load. Unfortunately, we did not measure the performance of patients on secondary tasks. Thus, we do not know exactly if they performed as well as or worse than controls, although, subjectively, it did not seem to us that patients had difficulty repeating "dada" or counting upward in threes. Moreover, it would be very surprising if the same decrease of spans in patients with Parkinson's disease and controls could be a consequence of this sole strategy.
Despite these drawbacks, our results challenge the fact that a deficit of the central executive is an inevitable feature of Parkinson's disease. They disagree to some extent with the results of Dalrymple-Alford et al,8 who tested a similar population of medicated patients with Parkinson's disease. Comparable in both studies is the fact that a cognitive task span does not seem to be affected more by the simultaneous performance of a concurrent task in patients with Parkinson's disease than in controls. The studies differ in that we were unable to find direct evidence for a dysfunction of the central executive in our patients. However, we used an experimental task that minimised the motor demand. This point is worth discussing: if we do not take into account a possible deficit of procedural learning of visuomotor tasks in parkinsonian patients, it may suggest that the dysfunction of the central executive is evident only for some kinds of performance, and not for others. The results of Baddeley et al,21 in Alzheimer-type demented patients, seem to support this view: these patients, who do not usually present with a deficit of procedural learning,"' had their performance on tracking similarly altered by concurrent performance of a span task. Further studies, combining different types of dual tasks on different populations, are needed to clarify this suggestion. Perhaps they will show different profiles of impairment, and more crucially, will allow us to describe more accurately the functions subserved by the central executive.
It is important to consider the role of dopaminergic medication. Our patients were all taking dopaminergic drugs. We did not test them when off medication (due to the long duration of the experiments), but it could be hypothesised that the presence of dopamine improved a possible dysfunction of the central executive (the same way as it improves some frontal lobe tasks in parkinsonian patients).22
Another important result of our study is that our 
